In this paper we analyze the existing defects of hierarchical and nonhierarchical path finding algorithm respectively in detail and present a hierarchical path finding algorithm based on the heuristic directing search approach which is used for promoting the nodes of lower level to higher level in the road network. The improved heuristic-hierarchical path finding algorithm was tested on road network of Xi'an city with a two-level hierarchy. The experimental results show that the heuristic based hierarchical path finding algorithm has been found to be over 25 times faster than the Dijkstra's algorithm and the ratio of the highest level road obtained by heuristic based hierarchical path finding algorithm is twice as much as the Dijkstra's algorithm. This means that the hierarchical path finding algorithm is suitable for the status of long-distance between origin and destination (O-D). We also propose a novel yet simple path finding strategy based on a threshold, that is, if the distance of O-D is less than the threshold which was obtained by means of statistical analysis the nonhierarchical path finding algorithm will be used, otherwise we use hierarchical path finding algorithm to find a near-optimal or satisfactory path in city road network. The testing results of Xi'an city road network show that the roads which were found out using this new path finding strategy are easy to be adopted by drivers.
INTRODUCTION
Optimal path finding is one of the primary functions of intelligent transportation system (ITS). It has many applications in communication systems, transportation problems, scheduling, computation of network flows, navigation systems, and geographic information systems. Many researchers have been extensively studied in this subject whether from theory or practice [2] , [4] , [5] , [12] , [13] , [16] , [17] . However, for many practical problems near-optimal finding methods may be acceptable because the results of the surveys conducted on driver's route choice behavior indicate that a majority of the drivers did not prefer the optimal path, instead chose to travel on a near-optimal or satisfactory path based on various factors such as familiarity, road category and connectivity [22] . Although much research has been conducted on path finding, path finding over a large-scale road network is still a difficulty problem.
The classical Dijkstra's algorithm and some improved nonhierarchical algorithms focus on solutions of shortest path [11] , [14] , [24] . The problem is that these algorithms have some defects. Firstly, since a typical city road network is very large and contains tens of thousands of nodes, these search algorithms often fail to compute the shortest path within the available time frame. Secondly, when traveling long distance the shortest path which was found by Dijkstra's algorithm is not easy to be adopted by drivers because there are some poor quality road segments that often cause vehicle velocity slow down and traffic jam in the shortest path.
For efficient path finding over large-scale road network, hierarchical methods have been investigated recently [9] , [12] , [19] , [21] . It is interesting to note that the hierarchical path finding algorithm can help to overcome these shortcomings as mentioned above. Generally speaking, hierarchical algorithm has better performance than nonhierarchical algorithm to search a satisfactory path in road network because hierarchical structure can reduce the number of nodes involved in a search process and allows to perform the search process in sub-networks more efficiently while the performance of nonhierarchical algorithm tends to deteriorate as the network size increases. Therefore, the main goal of our research lies in determining suitable strategy for deciding on a satisfactory path in a real road network.
The rest of the paper is organized as follows. Section 2 describes the hierarchical road network model. Section 3 introduces a heuristic-hierarchical path finding algorithm. A new path finding strategy based on threshold is proposed in section 4. Some preliminary experiment results are given in section 5. Section 6 summarizes the research presented in this paper and gives the guidelines for future work.
HIERARCHICAL ROAD NETWORK MODEL
Hierarchy is one of the most common forms of organizing and structuring complex systems where a system is subdivided in smaller subsystems, and further subdivision of subsystems can be recursively repeated [8] . This means that the hierarchical structure can reduce the number of nodes involved in a search process, and allows to perform the process on smaller subsystems more efficiently. It is easy to see that hierarchically organized systems evolve faster than the nonhierarchical ones, and are stabile in nature because it has the advantages of reducing processing time upon data retrieval and manipulation as well as maintaining the stability of a system.
The formalization of the hierarchical model of a large road network is given as an abstraction from the hierarchy of different road classes which contain the following object types: places, road-segments, grids, and levels. A place is the distinctive location where humans make decisions about the further process of path finding. A road-segment, which contains some attributes such as length, speed, and travel time, is a connection between two places. The abstraction hierarchical graph, which approximately represents real road networks, implies that places are called nodes and road-segments are called edges. In the hierarchical graph we select a set of connected edges to form a connected subgraph representing the next higher level. This process can be repeatedly applied to form a multi-level hierarchy. This is so called the concept of hierarchical levels. The number of levels determines the depth of the hierarchy. In general, the lower level contains all the edges of that particular level plus all edges of higher levels. Adjacent levels have nodes in common. These nodes are exits and entrances to the higher or lower level. Levels are further divided into sub-networks which are bounded by the edges of the next higher level. These sub-networks are called grids.
In resent years some scholars present hierarchical database of road networks for path planning. They prefer to reconstruct a level of abstraction (or higher level) of road network. The data of each level are stored independently so that the nodes and the number of road-segments at a level of abstraction reduce greatly and save the executive time of algorithm. Figure 1 illustrates a classical model of two-level road network. The major roads in a city are the union set of high-speed roads and main roads. The minor roads are the union set of low speed roads and local roads. This hierarchical storage structure has largely data redundancy and brings about non-uniform of each level data when the database needs to be updated. The road-segment represented by a level of abstraction is not natural road-segment, but it is the combination of natural road-segments in the model. The adjacent relationships among the higher-level nodes need to be reconstructed.
In view of the defects of hierarchical model as mentioned above an improved hierarchical model is presented as shown in figure 2. In this model the road-segment of high-level is natural road-segment and the adjacent relationships among the high-level nodes needn't to be reconstructed. This also means that the road-segment of high-level is a proper subset of the road-segment of low-level. The roadsegments of high-level and low-level will be distinguished so long as we add to an attribute of column in the database. Since the two kinds of road-segments located in different level are stored altogether in a table of database, the data redundancy and data non-uniformity will be avoided. For such a model details on path finding algorithm based on heuristic-hierarchical appear below.
HEURISTIC-HIERARCHICAL PATH FINDING ALGORITHM
A hierarchical algorithm consists of the nonhierarchical algorithm and a set of rules for reasoning on a hierarchical structure. The nonhierarchical algorithm provides a solution for a single level of the hierarchy and the rules state how to use such a structure, i.e., which part of the data set to consider, how the reasoning
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Study on near-optimal path finding strategies in a road network process progresses over the levels, and how to combine partial results obtained at each level into a final result. In addition, heuristic techniques have been proposed to improve the performance of path finding algorithms in real-time applications. It is envisaged that the efficiency of path finding process can be substantially improved by combining hierarchical path finding techniques with heuristic improvements.
Development of hierarchical algorithms
Hierarchical algorithm is expected to increase the performance by processing the minimal amount of input data. It remains to demonstrate that the results are correct in the sense that the algorithm produces the same results the nonhierarchical algorithm will produce when using the full data set. Experiments show that hierarchical algorithms are very effective in the aspects of reducing the searching space of complex problems. There are two classes of representative hierarchical path finding algorithms at present, i.e., the nearest E-nodes method and the optimal E-nodes method based on the model shown in figure 1 [12] , [23] . Both methods have the pros and cons respectively. The nearest E-nodes method is simplicity but the search accuracy will be reduced and the search efficiency of optimal E-nodes method is relatively poor though the optimal solution can be obtained. In addition the paths found by both methods don't be easy adopted by drivers sometimes and the reasons are shown in figure 3 and figure 4 . The paths found by nonhierarchical path finding algorithms namely flat algorithms are called flat paths and the paths found by hierarchical path finding algorithms are called hierarchical paths. Figure 3 . O node and D node in same high-level grid.
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Heuristic evaluation function
Heuristic search is a general problem solving method applicable to a wide range of tasks [1] , [3] , [6] , [7] , [20] . Its efficiency depends on the quality of the heuristic evaluation function. Therefore, one of the most important issues in heuristic search is obtaining a good heuristic evaluation function. If O is the origin and D is the destination, a heuristic estimation function f is calculated for every node in the road network. For a given node n, the heuristic evaluation function f (n) is given as follows:
Where g(n) is the distance between the node n and node O, h(n) is the estimated distance from node n to node D. It is obvious that the node with minimum f value will be chosen as an expanded object so as to near the destination node D. The closer to the actual conditions h(n) is, the faster the search speed is. The Euclidean distance d e and the Manhattan distance d m are often used for heuristic functions. They are shown as follows:
The Manhattan distance should be close to the actual conditions through analyzing the characters of road networks. For this reason, we carry out the test by use of Xi'an city road network. Figure 5 shows the test result, that is, the increase rate of run time when using Manhattan distance is slower than the condition when using Euclidean distance. Hence in our two-level road network model, the heuristic estimated value h(n) assigned to each node n is the Manhattan distance between n and the goal.
Study on near-optimal path finding strategies in a road network Figure 4 . O node and D node in adjacent grids.
Heuristic-hierarchical path finding algorithm
Although the multi-level of abstraction hierarchy is used to reduce time complexity greatly, we consider that the single-level of abstraction hierarchy, namely two-level road network is well suited to city road networks because it guarantees the connectivity of a level of abstraction hierarchy.
To overcome the defects of the nearest E-nodes method and the optimal E-nodes method, figure 6 clearly shows how to obtain the high-level E-nodes by use of the heuristic directing search approach based on the two-level road network. Specifically speaking, the search that starts from node O faces towards the direction of node D when searching node E1 and the node of high-level, which first meets, is regarded as node E1. Similarly the search that starts from node D faces towards the direction of node E1 when searching node E2 and the node of high-level, which first meets, is regarded as node E2. The heuristic-hierarchical path finding algorithm is based on the idea to apply the nonhierarchical algorithm such as Dijkstra's algorithm to different levels and the entrance points and exit points (node E) between high-level and low-level are obtained by the heuristic directing search approach which is shown in figure 5 . The algorithm procedure to find the satisfactory path, in terms of the minimum travel time based on the Manhattan distance and travel speed associated with the edges in the network, is described as follows:
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Step 1. Obtain randomly both nodes O and D in the road network.
Step 2. Determine the level of road network at which O and D are located.
Step 3. If O and D are located at the high-level then go to step 4, else use heuristic directing search approach to find the node E1 and E2 from O and D to the high-level road network respectively, and then obtain a partial path P1 between O and E1 as well as a partial path P2 between D and E2.
Step 4. Use nonhierarchical algorithm to find a shortest path P3 between E1 and E2 in high-level road network.
Step 5. Connect P1, P2, and P3 to form a path from O to D and output it. In table 1 we compare the performance of heuristic-hierarchical path finding algorithm with the performance of Dijkstra's algorithm and heuristic nonhierarchical path finding algorithm according to the parameters of travel time and the ratio of high-level path. The results indicate that although the heuristic-hierarchical path finding algorithm is not guaranteed to find an optimal path, we demonstrate that it is relatively fast and it has higher ratio of high-level path. This means that the path found by the heuristic-hierarchical path finding algorithm is easy to be adopted by drivers especially when the origin and destination are far apart.
SEARCH STRATEGY BASED ON THRESHOLD
In recent years the study of hierarchical path finding algorithms is based on the hypothesis to some extent, that is, many drivers prefer to choose the major road in the city road networks. But for all of the drivers the hypothesis is not reliable. The investigative results show that the drivers prefer to choose the major road based on the following two reasons: the one is the driver travels long distances and the other is the driver go into an unfamiliar city road networks. How far have the drivers prefer to choose the major road in road networks? The threshold of travel distance is not easy to be determined. It is relevant to many factors such as different city road networks, different traffic conditions, and different travel habits, etc. Therefore we use the statistic method to compute the threshold so that we can decide whether to choose hierarchical path finding or not.
The threshold computation
For an O-D pair in hierarchical path finding let V h be the actual driving speed of major road and V n denote the actual driving speed of minor road. Let L h be the length of hierarchical path and P h denote the ratio of major road. Then the driving time of hierarchical path T h can be expressed as
For an O-D pair in flat path finding let L n be the length of flat path and P n denote the ratio of major road. Then the driving time of flat path T n can be expressed as (6) From (5) and (6) we obtain (7) Where δ is called the factor of decision. It is the key for the threshold computation. The procedure of threshold computation is described as follows:
1. Choose a large number of O-D pairs as test sample space in a city road network. 2. Analyze the variety trend of δ through calculating T h and T n in the given sample space. 3. Obtain the path length L namely the threshold when δ = 1 and the path finding error ratio is less than 5%. We have selected randomly 1179 different O-D pairs from Xi'an city road network and got the variety trend of δ with the different path length, see figure 7 . It is easy to see that the value of δ decreases with the increase of given path length. When the given path length is shorter the value of δ not only undulates greatly but also is usually more than 1. Therefore we think that Choosing L = 8 km as threshold is suitable because it can meet the condition of path finding error ratio less than 5%. Figure 3 has given the cases, which the flat path is superior to hierarchical path, when the O and D are located in the same high-level grid or they are located each other in the neighboring grids. The experiments show that the some flat paths between O and D are also superior to hierarchical paths even though the high-level grids contained O and D are neither the same nor the adjacency. Figure 8 shows the example. The search strategy based on threshold is described as follows:
Step 1. Loading the data of a road network.
Step 2. Obtain randomly the nodes O and D.
Step 3 
EXPERIMENT RESULTS
The size of test data involves the 4525 nodes and 6616 road segments of Xi'an city road network. We make use of Intel Celeron 2.66 Ghz CPU and 512MB RAM as hardware test environment. The software development environments include Oracle database, .net integrated environment, and C++ language. The test results are shown in table 2. It is clear that if the search strategy based on the threshold was not used then we may obtain the path that is hard to be adopted by drivers when the estimated distance G between O and D is less than 8km, that is, the threshold L. So from this point of view, the search strategy based on the threshold has a good value of utility.
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CONCLUSION
There is substantive evidence that humans use hierarchies to structure spatial knowledge and determine usually a satisfactory path between two places using hierarchical approach. For efficient hierarchical path finding over large-scale road networks, we discussed here the two-level model of road network, data access methods, and the heuristic-hierarchical path finding algorithm. The data model used by heuristic-hierarchical path finding algorithm is suited to updating environments dynamically. Experiment results show that the heuristichierarchical path finding algorithm performs path search more efficiently than Dijkstra's algorithm and the heuristic nonhierarchical path finding algorithm in the most cases. In this study, we also propose a new search strategy based on threshold for path finding in a city road network. Our experimental study with two-level hierarchical road network of Xi'an city exhibited a considerable improvement in performance of searching a satisfactory road between O and D. The test results show that the paths found by using the search strategy based on threshold are easy to be adopted by drivers. This is an ongoing project, so there are still some questions open. Moreover the approaches taken in this paper are exploratory and require further research. Our future work will include further improving the threshold computation, applying it to multi-level road networks, validating the proposed search strategy on road networks of cities other than Xi'an, and developing parallel algorithms to speed up path finding.
